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Thisreportpresentstheaerodynamicmeasurementsmadeduring
a NavyinvestigatimconductedintheLangley8-foothigh-spaed
tunneltodeterminetheactualhumantolerancetowindblasts.Those
testsweremadeattherbquestoftheNavalMedicalResearchInstituti,
Bethesda,Md.,toobtaindirectevidenceoftheforcesinvolvedwhen
thehumanheadissuddenlythrustintoa rapidlymovingairstream,
asisthecaseinbail-outsfrcmaircraft
todeterminethemaximumspeedconsidered
facetobeexposed.towindblasts.

INTROIXJCTION

athighspeeds,anilalso
safefortheunprotected

AttherequestoftheNavalMedicalResearchInstitute,Bethesda,
Md.,testswerem.dem twovolunteerenlistedmen(Navy)in
theLangley8-foothigh-speedtunneltodeterminethehumantolerance
towinsblasts.Sincethesetestswereprimarilymedicalinnature,
thisreportcontainsonlytheresultsofaerodynamicmeasurements
obtainedduringthetest)Allmedicalanalysishasbeenpreparedby
Dr,R.M.WilderoftheNavalMedicalResearchInstitute.

Previoustestshavebeenmadeby theGemanstodetermineeffects
ofairblastsm thehumanhead(references1 end2). However,most
ofthesetestsweremadeusingacmekl.ndofwideheadboardasa
protectivedevice,especiallyatthehighestspeeds.Theseheadboards
minimizedtheeffectoftheairblaststoa largedegree.

Thepurposeoftheinvestigationforwhichresultsaremesented

humanface.Includedinthisreportaretho
heroinwastodeterminetheeff~ctofairblastsontheunnr&ectod

aerodymmlcresultsofthe
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pressuremeasurementsover a dummyforeheadandtheair-blastforcos
ontheunprotectedheadstestedasobtainedthroughtheuse ofa
straingageattachedtothebeadrestofthetest&ppamtus*

APPARATUS

Theh= tolerancototindblastslnvestigationwa6conducted
intheLangley8-foothigh-speedtunnelwhichisa single-return
closed-throattype.Thetunnelspeedisocmtinuouslymntrollable.
A speedrange,bysmallIncrements,froma Machnumberof0.04to
0.65wasusedforthistest.

‘The testsweremadeata tunnelsectionapproximately10feet
downstreamfromtheregularLangley8-foothigh-speed-tunneltest
section.Thetunnelontmncedoorwasremovedandreplacedwitha
curvedsteelplatehavinga 22-by40-inchopeningcutinitslongi-
tudinalcenter.Theverticalplaneabovethisholewasuonsidez’ed
thetestsectionforthtsinvestigation.Testresultswereobtained
byelevatingverticallythetastconfigurationsthroughthehole
intothetunnelairstream(windblast).

Theelevatingprocedurewasacmmplishedthroughtheuseofa
teetseatandcarriagesuppliedbytheNavy,andcarriagetracks
an~supportsmadebytheLangleyMemorialAeronautloalLaboratory“
oftheNationalAdvisoryCommitteofor Aeronautics. Theoarriage
endmat wereelevatedinto the tunnelby frm six to eight men
liftingona s-inchouteide-dlageterpipeextendingfrcmsideto
sideunderthecarriageframe.Thecompletemovingaasemblywas
counterweightedtofacilitateeaseofoperation(fig,1).

A velocitysurveyrakehaving25impacttubesand10static
tubeswasmountedverticallyonthecarriageplateinplaceofthe
testseat(fig.2j. Therakewassecuredinpositionsothatthe
frontoftheimpacttubeswasintheseineapproximatevertloalplane
as,wouldbooccupiedlaterby thehumansub~cta.Forthevelooity
calibrationrun,iihocarriagewiththerakeinplacewaselevated
untilthetopimpacttubewas29.5inchesfromthefloorofthe
tunnel.we topstatictubewasthen25.8inehesf~an theflborof
thetunnel.Thestatiotubeswereinalternatepositionsamongthe
impacttubesontherake.Flexlbletubeconnectlmsweremade
betweentheraketubesanda 10-focttotrabrcmoethanemhncmeter
boe2d. Duringtheveloc~tysurreyrunthemanometerboardtubes
wereread visually andalso photographedfor moreaccurate calculation
of the velocitiesintheplaneofthesurveyrake. -?
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Woolentuftswereattachedtothesideofthevelocitysurvey
strutinordertodeterminetiedirectionofairflowintheregion
oftheareatobeoccupied.bythehumansubjectsandalsotodetitine
anydisturbancetotheairflowtiatmightbecausedbytheholein
thetunnelfloor(fig.3).

Preliminarytestsweremadeusinga woodendumnysecuredintie
testseat.A softbalsablockwasinlaidinthefaceofthedunmy
headtodeterminetiekind,size,endemountofdirtexpectedtoflow
throughthetunnel(fig.4). Thedumy headwasnotattachedtothe
bodyofthedumy,butwasmomtedona headrestbehindwhicha
straingagewasattached(fig.5)0 Thestraingagewasofthebeam
typewithfourwireelementsconnectedinthefom ofaWhetstone
bridge.Whenthebridgecircuitwasunbalanceda standardNational
AdtisoryCommitteeforAeronauticsrecordinggalvszmnetermadea
permanentforce-timehistoryona light-sensitivefilm.Inorderto
sinndatethebendingoftheheadbackwardattheneck,thedummyhead
waspivotedabouta point6.56inchesbelowthepointofstrain-gage
attachment.Pemanentstrain-gagerecordsweremadeeachtimethe
dummywaselevatedintotheairstream.Themaximumupwardtravel
ofthedummyintothetunneltiaslimited.bystopssecurelyattached
tothocarriagetracks.Initsmaximurzuppositionthetipofthe

> dummyheadwas24inchesfromthefloorofthetunnel.Sevenstatic
tubes(orifices)werealsomountedontheforeheadofthedumyhead
inordertoobtainlocalvelocitiesoverthisportionofthehead< andtherebygetsomeideaofthelocalvelocitiesencounteredbythe
guineapigsstrappedtothedummyforehead(fig.5).

Preliminarytestsweremadeonliveguineapigswithshaved
backsputinplaceofthesoftbalsablockinthedumy face(fig.6),
andlatersecuredtothedwmnyforeheadwiththeshavedbackofthe
guineapigtowardtheairblast,(fig.7). l?heguineapigswere
alsostrappedtotheheadofthedummywiththefaceofthe@noa
pigtowardtheairblast(fig.8).

ThehmnensubJectsweresecuredinthetestseatthroughthe
useofa regulationshoulderharnessandseatbelt.A standard
summerflightjacket,clothhelnetwitha chinstrap,andNavyissue
dungareesweretheonlyprotectivecoveringsused(fig.9). No other

.
specialequipmentwasemployed,A roundflatheadrest ~~inchesin

) diemetorwasusedbehindtheh- subJoctsheadsuptoa &ch number
of0.25.Thereafter,a curvedheadrestwasused(fig.10).Both
head,restsusedthesamestrain-gageattachment,andair-blastforces
wererecordedaswellaalengthoftimethehumansubjectswere
subjectedtatheairblast.,Whenthetxwtsea%waselevatedtoits
maximumposition,theheadsofthehumah8ubJectswereapproxhmtely
24Incheefrcmthetunnelfloor..A visualcheckofthetimeof
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exposurefor
stopwatch,
be3 seconds
humane.
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thevariousconfigurationswasmadewiththeaidofa
Itwasdecidedthatthelimitingtimesofexposurewould
forthoalum@andguineapigsand2 secondsforthe

Inordertoobtainthemaximumair-blastforceatanygiven
Machnumber,itwasdecidedtofirstbri~,thetunnel-emptyvelocity
uptothedesiredMachnumberandmen quicklyinjectthesubjects
intotheairstream.Sincethetunnelvelocitywasnotappreciably
changedintheshortlengthoftimeittooktoelevatethesubJects
tothefarti,estup position,itwaspossibletoobtainthemaximum
air-blastforceontheheadslmforethestreamvelocityslcweddown.

Thismethodwasusedbecause,(1)greaterlengthofexposure,
inordertoallowthotunnelvelocitytoreachscmeconstantvalue,
wouldhaveundulyendangeredthelivesofthevohnteorsubjects,
and(2)thehighesttestMachnumberobtainablewouldhavebeen
considerablylowerthandesired.

REsmm

v
Thetabulatedpressure-distributiondataobtainedforthedumy

foroheadarepresentedinpressure-coefficientformintable1,

where

Pressurecoefficient=

Localetaticpressure-free-streamstaticpressure

12~ (N

Thepressure.-coefficientdataarepresentedfora Machnumber
-e frcm0.23Tto 0,6U3,

Theforce’timecurvesobtainedfrcmthewireotraingaqeattached
totheheadrestbshtid.thedummjrhetiare’showninfiguro11. AU ,
theavailableforce-timaresults forbothvolunteersubjectsare
presentedinfigw~s12and13.

Figure14presentstheamximumforcevariationwithMachnumber
forthevarious headstasted.Thedummyiieil~strain-gageforceswere

f
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J takenaboutthepointofstrain-gageattachment,6.56inchesfrom
thepivotpoint.Fiowever,itisbelievedthatthf3forceswouldbe

d moreaccurateiftheywereassumedtoheactingthrougha point
nearerthecenterofthedummyface.Therefozw,themaximumforces
havebeencorrectedtoindicatetheresultswhichwouldbeobtained
ifthepointofstrain-gageattachmenthadbeen4.5inchesfromtheI pivot●

Thevariaticmofmaximumforcecoefficient(basedonhead
frontalarea)withMachnumberforthethreeheadstestedisshown
infigure15.

A charthasbeenprepared(tableII)fromthefairedUELti?num

4

force
which
tides

where

%!max

Q

s

coefficientvalu=s~oshowtheapproximateimpactforces
canbeexpectedtooccur
frcxnsealevelto30,000

F=

onthe‘&riousheads-testedatalti-
foet.Theseforceswereobtainedfrom:

Faired
tominimize

mazhnumforcocoefficient(fig.15)

-c pressureataltitudefora constantspeed

frontalareaofeachhead
Thedumyheadfrontalarea-0.53squarefoot
Thevolunteersubject1 -0.272squaref’mt
Thevolunteersubject2 -0.246 squarefoot

valuesofmaxhmunforcecoefficientwereusedinorder
theerrorintroducedthroughthehumanreactions.

DISOTESION

ressures. - Thetabulatmdpressuredata(tableI)show
thatthedumy foroheadhasa hi~ sharpnegativepressurepeakjust
backoforifice3 (fig.5). Thispeakisfollowedbya largepositive
pressuregradientconducivetoseparationoftheflowwhichinturn



6

causedtheshakingandbuffetingof
test.Thisconditionisaidedby.a
existinaoverthesideofthedumm
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theheadwitnessedduringthe
likepressuredistribution
facebecauseofthesimilarity

between-theshapeofthedunm?yf&&-sideandtheforehead.A si~lar
h@h suctionpressurewilloccuroverthefozwheadendface-sideof
thehumanbeings.me buffetingoftiehumanheads andirregular
flappingofthefacialsldncanbeattributedtotheflewseparatism
resultingfrcnuthesehighnegativepremwrres,

GuineaDiRs.-Thefirstseriesoftestson*e gutneapigs
weremadewiththemmountedupri@tinthetiddleofthedumy faoe.
Thopressuremeasurementtsofthedunmyforeheadindicateda positive
pressureforthisregion.Becauseofthemannerinwhichtheguinea
pigsworemounted,theirbacksweresubJect8dtoa dynamicpressure
approximately~ percentofthef~*ee-streamvalue.Theflatdummy
facegavethosametypeofprotectiontotheguineapigsastiewide
headboardsgaveintheGermantestsinwhichreductionsindynamic
pressureonthehurwuifacefrom50to97percentwereobtained.

Guineapigswerealsotestedontheforeheadofthedumy. High
tnducedflowsapproximately35percenthigherthanfreo-stream
velocitieswere indtcatedforthisregionby&o pressuremeamrements
obtained,

Air+.lastforcescm&mmIYandhumanheads.-Theprimarypurpose
oftheinvestigationwastodeteminetheeffectofairblastson
theunprotectedheadsuddenlye~oseatoa rapidlymovingairstream.
?herefore,noprotectivedeviceswereusedtominimizeanyofthe .
offectsofe~osurotohigh-velocitywtidblasts.Inorderto
determinethocle~oeofair-blastforconomal.totheUnprotected
head,a straingagewasattachedtotheheadrestbracket.Normally,
thestrain-ga+precordsworereadforevery me-twontietbofa soccmd
~a itissafetoassumeMat alltheforcevaluesarecorrectwithin
%2poundss
the lackof
partoftho
curves.No
ationsfrcm

In somecases,thorecordscouldnot be read becauseof
a visibletracecmthefilm.Insuchcasesthemissing
recordisindicateabya dashealineintheforce-time
attemptwasmadetoaetozmineany oscflktions or fluctu-
thestrain-gagorecords.

The dataprcmentederafrcmtheactualvaluesm thestrain-
gagefilmrecomlseventhoughscatterandotherirrogularitiosmay
benoted.l?hedecreaseinforcewithtimeshowninfigures11,12,
and13istheresultoftieslowlngdown,of the tunnel speedafter
the subJectswere Injected into titmair blast. Theinterval oftime
exposurewastooshorttoenablethetunneloporatortoadjustthe
speedtoa mnstxmtvalue,butitwaslongenoughfortheenergy loss
intheairstreamduotothewakebehindtheheadstocause a gradual
decreaseinthetunnelspeed.ThescatterinthehumansubJectedata

f

Q’
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shouldbe expectedratherthanthoughtofasanexception,ccmpared
tothedwmmyresults,becauseofthehuusnreactionsinvolved.In
general,atallspeedsthesub~ectseithercouldhavebeenpulllng
theirheadsawayfromtheheadrestorpushingagainstit. The
effectoftiisforeenaaftmoticmwouldbeexpectedtoshowupinthe
resultstoa largerdegreeattielowerspeedsbeforetheforceof
theairblastsatthehigherspeeasexceeaedthestrengthofthe
neckmuscles.Thisassumptionisborneoutintheresultsoffigure14
wherea largeamountofscatterinthemaximanforoesmaybenoted
forspeedsup toa Machnum..erofO.~. Thedatafrcma Machnumber
ofO946toO.58indicatethattiestrengthoftheneckmusclesis
beingexceededgraauallysincenoscatterisapparent.

Infigure15themaximumstrain-gageforceshavebeenreduced
tocoefficientform.Thecoefficientsarebawl onheadfrontalareas
(d- = Oc5WSquarefoot,sub@ot1 = 0.272squerefoot,and
subJect2 = 0.246squarefoot)andGembecomparedtothedragcoef-
ficientsofsimilarlyshapedbodies.A spherewitha diameter of
7 incheswouldhavea dragcoefficientofapproximately0.20ata
Machnumberof0.58.A cylindricalturret,designatedTB-Rin
reference3,haaa dragcoefficientof0.68ata ~ch numberof0.58.
A maximumforcecoefficientof0.86ata Machnumberof0.58was
obtainedforsubject1. Thehighercoefficientvaluesforthehuman
subjectsareauetothehelmetonthehead,theflappingofthefacial
skin,anaotherirregularitiesofthehumanface,Thelargesizeand
shapeofthedummyheadwillaccountforitsmaximumforcecoefficient
of1.23ata Machnumberof0.58.

Thetestsonthehumsmswereconcluaeaata Machnumiberof0.58
becauseitwasconsideredunsafetogotohigherspeeds.Itwas
fearedthatsomedemagetightbedonetothehumanfacesif-larger
forceswereencounteredathigherspeeds.Themexlmumforcerecorded
atthehighestspeedtcsteilwasab&t g5poundsanilthe
altitudeinthetumnelatwhichthisforcewasobtained
mates635ofeet.

Itmy beseenfrcantableIIthatthisforcoof 95
diminishtoabout35poundsforthesameMachnuniborat

LengloyMemorialAeronauticalLaboratory
NationalAdvisory&mmitteeforAeronautics

IangleyField,Va.

effective
wasapproxi-

poundswill
30,000feet.

,AG.”’uz6#’,4.A“2w-&/42d- ‘7 7’“> Donald L.Loving
Approved: /-=’4 AercmauticalEngineer

JchnStack
ChiefifCompressibilityResearchDivision

RCA
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Orifice locaticm Plwmu.raOoamclentjp

I!ube (in.from
flumyface) M .0.237 M = 0.301 M -0.333 M m0.3ti5 M mo.395 ~ . O.kl

1 0.03 0.11 0.0’7 0.06 0 .0$) 0.04 0.09
2 .’21 -.&? -.@ - ●9O -*Q2 -.94

.65
-=92

-I .61 -1.77 -1.79 -1.%? -1.88 -1.85
: 1.33 -1ml -1.11 -1.13 -1●V -1.23 -1.20

2.11 -.41 -.50 - ●51 -.59 -.61
:

-*59
3.43 -.14 -.21 -.21 -.22
4.&

-.28 -.24
7 -*O9 -.13 -.13 -.14 -.19 -.14

nmo.~ m -0.470 u m o.Ll.yjM m om~ ~ . O.*1 M = 0.618

1 0S(J3 0.09 0J.o 0.12 0● 0.14 0.24
2 .’21 -.91 -.@ -*W -.$ -.85

.69
-*73

-l.& -1.86 -1.86 -1. -1 ●89 -1.79
: 1.33 -1 .Q1 -1.20 -1.20

-.62
-1●17 -1.17 -1.15

2.11. -.63 -.66
2

-*69
3.45

-.72 -.74
-.26 -.27 -.27 -.3 -933 ::SJ

7 4.86 -.15 -.15 -.15 -.15 -.15
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TAB=II

AD?-BLASTFORCBOXHXAISATALTITlJ18

Mmau.amforce,F,lb
M

Sealevel 5JXJ0ft 10,OOOftI15,CO0ft 20,000ft 25,000ft 30,000ft

-foro- * aboutpoint4.5in.fraupivotpoint

0.40 123 101 83
A25

g 57 46 36
145 llg

.45
97 k2

166 138 112
.475

94 ~ :;
191 159 130

.X
72 z

219 la 150 h? 101 &
.525 247 207 171 140
●55

11.5
!219 ;233 158

●575
1%

314 262 % 170 ?2
355

U6 94
:25

294 244 m 164 131
328

lo4
.45 :??

271 223 l& M6
365i 3Q2 247 202 I(52 ?2

SubJect1

0.45 77
.475

52 43
2

35 29
46

22

.50 2
24

% 49 %
.525 94 ; 65

% 26

.77 104
28

71 ;: ::
●575 114 95 8

$0
64

g

.y3 116 5396 66
:

54 43 35

SubJect2

0.475 101 69
E

47
■W 103 71 ;; 48

30

.525 109 91 62
;;

75
31

51 h 32

. .

L
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Figurel.- Assemblyof testapparatusfor Navyinvestigationof human
tolerancetowindblastsintheLangley8-foothigh-speedtunnel
showingdummymountedintestseat.
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FigureZ.- Velocitysurveyrakemountedoncarriageplateinplaceof
testseat.
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Figure 3.- Woolentuftsattachedto thesideof thevelocitysurveystrut.
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Figure4.- Softbalsablockinwoodendummyface. Dummy inUp
positionintunnel.
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F-GURE 5.- D/AGRAM OF DUMMY HEAD
SHOWING ARRANGEMENTOFSTPAIN
GAGEAND ORIFICEL0CA7_10NS.ALL
D/14EN370N5INWCHES.
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Figure6.- Guineapigwithshavedbackinplaceof softbalsablockin
d~y face.
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Figuxe7.- Guineapigwithshavedbacktowardair
blastsecuredto dummyforehead.
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Figure8.- Guineapigwithfacetowardairblast
securedto dummyforehead.
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Figure9.- Humansubjectsecuredintestseat.
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Figure10.- Curvedheadrest attachedto testseat.
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